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Wc have mcasurc~l  h cxtrcmc ulh aviolct  (1 iUV) spcctmm of neon produced by

clcclron  inlpac[  cxci(ation. ‘1’JIc nlc.asurmcnts wc.rc obtained un(icr optically [hit]

conditions, and at a spcc[ral  rusolu[ion of O.5 m full wichh at half maximum (liW1lM).

“1’hc most pmmincnt feature.s of the JILJV spcxtrum bctwcxm  45-80 nm arc the monancc

lines of Nc I at 73.6 and 74.4 m and a muhiplc.[ of Nc 11 at 46.14 Im (the avm-agc  value

for the line ccmtcr  of the two ckxscly  spaced ion Iinm at 46.07 and 46.22 m). Absolute

emission cross sections  of these lincx  at 3(K) CV wc.rc measured and mmparcd  m other

previous nmasurcmcn[s.  “1’hc nmasurefi mission  cross section value.s at 300 CV foi tlm Nc

1 line-s at 73.6 and 74.4 m arc found to k 5.32 x 10-] 8 cn~2 and 1.2.1 x 10-1 ~ cn~2

rcspwtivcly,  and for the Nc II n~ul[iplc{  at 46.14 nm is found m bc 1.S3 x 10- I ~ cm? (sun-I

of lhc 46.07 and 46.22 nm line cross sc~ticms) with an unccr[ainty  of 4 1%. in addition,

excitation functions wcm measure.d for the Nc 1 rcsonancc  lines (O-4(K) cV) a~icl  Nc 11 ion

line (0- 1 kcV). “J.hc excitation functiom  fo] the Nc 1 rcmlancc  lillc.s were umcckd  for

polarization hccause  these am strong] y polarimd.
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l;lcctio]~-ii~~pact-il~cll]ccLl  cxnissioa  studies of Nc. arc of consi(icrab]c  impor[anm in

undcrstandin~  t}m basic physics of mllisional  excitation pmccsscs and in technological

applications. From the basic physics point of view, Nc is a par[ of the rare-gas series, and

like.  other ram-gas atom is of spczial interest txwausc Nc has a large number of cxcitcd

ICVCIS.  Also, the simple 1.S and j’ coupling schcmcs  arc. not strictly applicabk  for mm

(Clan  c1 al., 1992). The 13 coupling breaks-clown and changes into jl coupling and then

to jj coup] ing in (hc spectroscopic description of lhc st atcs of this atomic systcm

(h4achado  c1 al., 1984). l%om the applied physics point of view, Nc plays an important

role in many discharge systems such as Nc-discharf,c light sources, 1 lc-Ne lasers, and Ne-

Xc-NF2,  lam-s (Nighan,  1981; JIucntis ct al., 1978). Knowledge of the excitation cross

scztimis  is thcmforc essential for modeling these discharge. systems (Phillips ct al., 1985).

Neon also plays an important ro]c in astrophysics since it is the most abundant of the rare

gases in the solar systcm,  and in the cosmos after helium. 11s spectroscopic dctmtion  in the

atmospheres of the outer planets, which arc cxpcctcd  to rcfltxt sola14 abundance, has

c]udcd astronomers (Atrcya,  1986).  1 lowcvcr, the rccmt  astrophysical discovery of hot

mm nova has occurred bmausc of the rich spectra from highly ionized ]inc.s of mm

(Bargcr C( al., 1993). At low tcmpcraturcs,  the iiilpor[ancc  of I;LJV spectra of ncmral

neon and its sing] y and doub] y chargcx]  ions from coo] stcl Iar atmospheres have bccm

considcml  by l~ndini ct al., (1985). ‘1’heir niodds of liLJV sul-face ftuxcs of stellar objects

arc limitrd  by accurate knowledge of plasma cn~issivitics. ‘1’hc main probkm  in the

calculation of the plasma cmissivity is the unavailability of accurate cxcitatiori  cross

seztions  for clcxmon in~pacl.  A ncc41 for the mc.asurmcn[ of electron i[n pact excitation

cross scztions  for Nc in modeling astrophysical plasmas is pointed out by Shul] (1993).



in this paper, tbc clcztrol~-i[~~p:ict-i]  l(lLlcc(l emission spextrutn  of Nc cormsjmnditig

(0 (tic msotialicz  trarisitioris iii Itic l;UV spmral rcgio]i  froli] 45-80  Iifii  at 300 CV irilpact

cticrgy is rcpor[cd.  (IIi a conipaiiion  paper wc have rcpmcd  miiksioli moss sections of Nc

11 atid Nc 111 cxcikxt  by c]cctroii  hpact,  timasurcd ili tlic Pdr ultraviolet (I:lJV) spe.tral

mgimi from 120-270 Iini (Janm ct al., 1995)).  Absolulc  cli~ksioti  cross scztioIis

corrcspo]idhig  to the Nc slmd]al feature.s (Nc 1, Nc 11 arid Nc 111) iti the 45-80 tini mgkm

were ]iicasud.  l’rcvious  work coIicctili[lgcl  ectroIi-ill~~~act  cxcitad(i~i  of Nciri  tlic 45-80

]ini wavclcligth  mgio~i is rcvicwcxl  atid  a coIilparisoIi of our mulls  for abso]u(c eiiiissioli

cross sc.ctions  of Nc cmisskm  feature.s (rcsmiancc and hi )itics) with t}iosc of the prc,vious

work is given. Nc. like ot}icr  licavicr  Iioblc gases, provdcs  iti)porlatit rcsmiaiicc lirics  of

the lypc rips(nfl 1 )s + Iip6, and ioli lilies  of the type lislip6 -->m2tip5. “1’lic 73.59  tili~ arid

74.37 run rcso~ialicc  lines of Nc 1 a[id 45.071im alic~ 46.24 tilii rcsonalicc  li[ic~ of NC 11

rcprcsmit the tra[isitioiis  bctwcm the lowest lying ckhmik cxcitcd siatcs aiid tlic ground

state of the atom and ion, rcspcctivc]y.  optical cxcitatiofi  futictions were also mcasuml

for the Nc 1 (73.59 rini) 2p5[2P1/2]3s(1  1’])-+ 2p6( 1 S[)) arid Nc 1 (74.37 nti~)

2p5[2P3/2]3s(3Pl  )- > 2p6(1 So) monaricc  transhioris  wliicli  have prcd(iminalitly  siiiglct

and triplet characlcrs,  mpwtivcly.  lri additioti,  tlic,  optical cxcktimi  fqlictioii for the

lin[-molvcd  ~imltiplct  of Nc 11 (46.07 + 46.22 run) 2s(2S l/2,)2p6 -->2.s(21’3/2,,  l/2,)2p5

tralisitic)li,  whic}i rcsu]ts froiii  the miioval of a 2s chxtroti arid subscqlicrit  dmay to the iori

ground  state, was rncaslirc.d.

Ilic ground lC,VC1  of Nc is 1 s22s22p6  1 S(J. “Jlic  l(iwcst cxcitc..  co~ifigliration k

1 s22s22p53s, w}iich yickls four c.ticrgy  kwcls. “1’hcsc levels arc 1 s2, J s~, 1s~ arid 1s~ ili

l’asclicli riotatioli (I{cgistcr C( al., 1984). ‘J”lic 1 S? and 1s~ lCVCIS arc iiictasr~blc  witli vcty

lmig radiative lifetimes. IOczlmi inipact  iridtimd miiissioli  rcstiltitig fmil radiative. decay

frolil  tlicsc ICVCIS to ttic grmilid s t a l e ,  thcxcfom, caiiliot Ix. riwasurc.d by  colivcntimial

optical methods. ‘J’lic 1 S2 kwc] k priiilari]y  1P] iti cliaractcr,  witti ICSS tliali 10% adn]ixlurc

?



of 31’], and vice versa for the 1s~ be] (Phillips cl al,, 1985). ‘1’tm transitions fmn these

levels (1 S2 and 1 s4) to [hc ground s[ak rcprc.scn[ the s[rongcst  rcsonancc transitions in lhc

vacuunl  ultmvio]ct  (VLJV), and occur  at 73.6 atd  74.4 nm, rcspcclivc]y.  ]Iircct cascade

to tllcsctus(~rlatlcc  lcvclscorllcsf  rolll the 2p531) group (2pl-2p]~  in Paschcn  notation).

l~ig.  1 shows a sirnpliikl  ICVC1 diagram for (he Nc I 73.6 and 74.4 m resonance

trai~sitio]]s  al~dfort  llcNcI  146.1  aild46.2i~n~trar]siti[Jns.

“J?rc two most rmcnl  surveys of clectror]-inlI}act-i  rl(ltlce41  emission cross scxlion

and optical excitation function nmasurrmcnts  for the rcsonanm lransiticms for Nc }~avc

berm published by van dcr IIurgt et al, (1989) and by 1 lcddlc  and Gallagher (1989)  for the

cxtrcmc ultravicdct  (1 NJ V) spwtral region. Ilarl y n~casummcnts  included those of 1 lcrtz,

(1969) w}~o mportcd  the Nc 1 (73.6, 74.4 m) optical excitation functions, and thcm of dc

Jongh  (1971) who measured the polarizaticm-frrc optical excitation function for the, Nc 1

(73.6 mm) resonance transition. 1.atcr, l,uykcn ct al. (1972) and van Raan ct al. (1973)

reported cross sections  for the No II (46.1 -t 46.2 nm) ion ]incs. Tan w al. (1974)

measured the Nc 1 (73.6 nm) photocmission  cross sm(ion, normalimd  to an average of

cxpcrimcntal  value.s for the oscillator strengths for this transition. 2qqsochnyi  ct al.

(1974) rcporlcd optical excitation functions for the Nc 11 (46. 1 + 46.2 nm) transitions.

“J’hcy normalized their cross sections based upon the first IIorn approximation. l)app ct al.

(1977) mcasurcxl  o~)tical  cxcitatiol~  functions for the No 111 (37.9, 49.0 nm) transitions.

1 lijkkamp  and dc IIcm (1981) rcanal yml the Nc 11 (46.1 + 46.2. nm) cross section from

I.uykcn  c1 al. (1972). 311cy put the cross sc..tion on an absolute scale using the Bcthc

approximation (Bcthc,  1930), which lc4i to a cross section 3.7 tinm smaller than that

ohtainc41 based on a norlnaliz,ation utiliz,il)g  the van Raan’s Ikxul[ ( 1 973). ]kkhardl  and

Schar(ncr (1983) reported photocn~ission cross sections fol the Nc 11 (46.1 + 46.2 nm)

and Nc 111 (49.() nm) cross sections. ‘l-heir c10ss sections arc based on the lklhc

approximation (Hcthe, 1930), with cxpcrimcntal  an(i theoretical values for the optical



oscillator  Slrcngths  from Kim and ]nokuli (] 968) and dc ]oJlgh and van }lck (] 97 ] ).

}’hillips  ct al. (1985) measured the Nc 1 (73.6 and 74.4 nm ) cross sections u[iliz,ing  a

laser-inducml fiuorcsccncc  tcchniquc. ‘1’hcy normalimd  to the lkrn approximation and

dc(crmincd  the cascade c o n t r i b u t i o n  by ciircct nwasurcn Icnt. l{cgistcr  ct ai. ( 1 9 8 4 )

rcimrtcd  diffcnmtial cross sections (1 )CS’s) for excitation of sixtmn fc.aturcs in the

clcch-on  energy-loss spmtrum of Nc corrcspmdiilg to in(iivi(iual  ICVCI cxcita(ions  (so~i~c

unrcsolvrd). By integrating their mcasurtxi 1X3’S, they obtained  (hc integral cross sections

for direct excitation without the casca(ic contribution which hampers the analysis of

optical Nc data.

‘Ilm neon optical emission and direct excitation cross sections  for the rcsonancc

lines cannot bc directly compared with cac.h  other on (1w basis of oplical  oscillator

strength bccausc  the optical Nc data includes large casca(ic  components to the mcasumi

line intensities. investigators ~l”an cl al., 1974; Phillips c{ al., 1985 ) rc,portc.d  the cxistcncc

of large, cascaclc  components which contributed to the emission cross scclions of the two

msonancc  lines at 73.6 and 74.4 m. “l-an ct al. (1974) assumed t}~at  the cascade

population of tbc Nc 11’1 ICVC1 at 73.59 nrn varies with clc~tron-irnpact  energy as 1;- 1,

whcr-cas  l%illips C( al. (1985) dclcrmined  the cascade population by dir-cct  measurement.

l’hillips  et al. (1985) measured the cn~ission  cross scclions  of the two monancc  linm at

3(KI cV clxtron-impact  energy, multing in a cascade contribution of 29Yo.  I;or 40 cV,

they estimated a total cascade contribution of 36% for the 73.6 and 74.4 m resonance

lines.

‘1’hc cxpcrimcntal  apparatus, calibra{on  proccdurc,  an(i cross-section nmasurmcnt

tcchniquc  have bcm cicscribed in our earlier publications (Ajcllo ct al., 1988; Ajcllo ct al.,

4



1989;  Kanik c1 al., ] 995). l’hc ll~e~lit)l~]-rc~$  {)]ll(iotl  ] .()-m spcctromctcr syslcm was used in

Ihc pnxcnt  nmasurcmcnls.  1[ consists of an clcclrcm-impacl  collision chamber in Iancicm

with a UV spcctromctcr.  ‘]”hc }i(l V emission spccwum of Nc was measured by crossing a

magnetically collima[cd  beam of electrons with a beam of Nc gas formed by a capillary

array. 1 im itted photons, corrcspondinp,  to radiative. decay of collisionall y excited sta(cs of

Nc, were clctcztcd  at 9(F) by the lJV spcctromctcr  c-quipped with a channcltron  detector.

The resulting emission spc.trum,  measured at 3(K) CV incidcn( electron beam energy, was

calibra[cd for wavelength from 45 to 80 INN according to the procedures dcscribcd  by

Ajcllo ct al. (1989). The laboratory nmasurctncn~s, together with the spcztmscopic

models, pcmlittcd the }iUV spectrum from 112 Rydbcrg  series to serve as a rc]ativc

Calibmtion standard in the 80-2.30 nm range. I ‘or shorlcr wavclcng[hs  (40-80 nm) the n

I@ tl~~, ~, 4 ~yd~c,r~  sc,ric,s  of ]Ic, and Ar 1 and Ar 11 muhiplcts  were USC41 as tk

calibration source. in order to dctcrminc  [he. absolute, value of the emission cross section

cormspcmding  10 each mcasumd fca(urc,  onc additional proccdutc  (normalization) must bc

applied. The clc(crm i nation of the abso]um emission CIWSS  sections for Nc was achicvcd  by

actmitting a research grade gas mixtum (purchased from a commercial source) con[aitling

50% NC and 50% N2 into the scattering chamber and measuring the fluorcsccncc  signal

from the gas mixture (Nc+ N~). Static gas (Nc-t N2) mode was utilimd  for the

n~c,asummcnts  to maintain the same number (icnsity  for Nc and Np, in the target region.

Accuracy of the gas mixtum is 99.995% as stated by the manufacturer. I’hc rc]ative cross

sections  for each feature were obtaitml  by intcgra[ing the. sip,nal  intensity over the

wavclcngtb  interval for the feature of interest, and by then comparing the integrated signal

~~ 1 % (0~0) 95.8 nrn flLlolcsCCnCCintensity for each Nc spectral feature to that of the N2

signal at 300 cV electron im]mct  c.ncrgy. ‘J’hc absolum. CIOSS section of the 95.8 nm

spcc[ral fcatur-c  of N~, at 3(K) CV impact energy (A~cllo  ct al., 1989) was then usc.d to

norlnalizc  (I]c relative intcnsilirs  of the NC spectral features. A background gas prussurc

about  1.() x I o-c ‘] ’err was USC41  to avoid [tic c, ffec, t of .sdf absorption on the, Nc, rcsonancx



line-s as discussed hc]ow. 1( should lx poinlcd out here (hat the Nc background gas

pressure was measured by an ion gauge mld the ion gauge readings were corrcc(cd for the

rdativc  scnsitiviiy  of ion gauge response data for Nc (Bar[mcss and gcorgiadis,  1983).

“J’hc background gas pm.ssurc for the prvscnt  determination of Nc cmissicm  cross

sections was camfu]ly chosen m CJISUJC optically thin conditions and 10 avoid sclf-

ahsorption  effects, parlicular]y for the Nc 1 rcsonancc  lines at 73.59  and 74.37 m. ‘IIN2

following approach has bcm] cmp]oyed  to dc[crminc the maximum background gas

prvssurc  that can bc used while maintaining optically thin conditions. ‘J’hc relative

iJltCJISik of the Nc ] rcsonancc  ]inc (73.59 nm) and the Nc 11 ion ]inc (46.1 + 46.2. nm)

have bmm measured as a function of pressure over the range 3 x 10-7 to 2 x 10-4 ~’orr.

“]hc Nc ]1 ]inc is not cxpcclcd  to exhibit any optical depth cffczts in (}lis pressure range

and thcrcforc acts as a normal  i~ation  feature. “IIIe. cxpcrimcnta]l  y dctcrm incd intcnsi[y

ratio of these features is shown in Fig, 2, and is approximately constant up to a

background gas pressure of 5 x 10-6 ‘1’orr  W}ICIC it hcgins to clccrc.asc. ‘l-his indicates the

onset of Sc]f-absorption at 73.59 nm. TtJc mcasummcnt  can hc vcrific4i  by calculating the

pJWSUJC fOr OpliCa] depth Ul)ity al ]iJIC Center fOr thc SlrO1lgCSt msonancc  ]il~C (Nc ] at 73.6

rim). Ilm optical depth, To, at line ccntcr is given hy

‘co = C@ (1)

where CJo is the absorption cross section at line ccn{cr, n is the number density of the

absorbing gas, and 1 is the. path kmgth (16.83 cm) from the collision volume to the

spcctromctc.r cntmncc slit. ~’hc absorption cross sc.ction value of 3.529  x 10-] 3 CIn2 at

]inc ccn[cr,  dctcrmincd  by using the oscillator strcnglh  ((L] 59) fol” the Nc ] 73.6 JNn

msonaJ~cc  lraJlsition at 300 K (ChaJ) ct a l . , 1992), is use41 to obtain the pmssurc

con’csponding  to optical depth unity at Iinc, ccntcr. ‘1’hc value of the pressure is found to
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be 5.2 x ] (F6 Tort’, which sup]mrls our cxpcrimcn(a]  dctclmination  for the OJNCI of self

absorption of the Nc I 73.6 nm rcsonancc  line (I;ip,. 2).

I’hc mcasuw.mcnts reported here were obtained at an angle of 9W bc(wccn

electron beam axis and optic axis. ‘he Nc 11 msonancc  lines (2S 1/2, --> 21’1/2,3/2)  arc

unpolarized and unaffactd  by .sclf absorption. 1 lowcvcr, the Nc 1 resonance lines (1P] ->

I So atld 3]11 .+ I S{)) am slro]lg]y polarized, as measured in the 1}1. - 48(J CV energy  range

(whcm 13T indicates the threshold energy) by 1 lammond  et al. ( 1989). ‘1’hc polarization

was measured to be mro  at 300 cV. I/or this reason, wc studied the clczlron-in~pact-

induccd  fluorcsccncc  spcztrurn of Nc at 3(KI cV. Wc measured the polarization-free

optical excitation function of the Nc 11 (46. ] + 46.2 nm) line.s from (t-1 kcV. “l’he

excitation functions for the strongly polarimd  Nc 1 (73.69 nm and 74.37 nm) lines were

also measured in the 0-400 CV impact energy range,, and these were corrected for

polarization based on the IIammonci  et al. (1989) polarization data.

I< EWJJ,TS ANJI JllSC(JSSlON

“J’hc FXJV sJ)wtrmn

l~ig. 3 shows the Nc laboratory emission spcztrurn  in the IIUV spectral region at

300 CV ckzlron-impact  energy in the wavclcntgth  range of 45-80 nm. “1’hc SpWtrLtlll  was

obtained at a gas tc.mpcrature  of 3000 K, under optically thin conditions, at a spcc[ral

rcso]ution  of 0.5 nm FWI IM, and calibrated for wavelength. Ilc background pt:cssure,

was 5X10-7 ‘1’orr.  ‘l”hc emission spectrum of Nc consists of eight spcclral features. ‘l”able  1

]ists tbc candidate, identifications and the measurtii  abso]utc emission cross sections

corrcspcmding  to Nc 1, 11 and 111 transitions al 3(KI eV clcztron-impacl  cmcrgy. “1’hc

i(icntifications  were taken from Kcli y (1987).



The Nc I (73.6 nm) monancc  kansition  rcprwcnk  the. stmngcst  fcatum iri the Nc

I;UV spcxmwm at 300 CV c]ccwon-impact  energy. A comparison of the Nc 1 (73.6  nm)

absolu[c.  emission cross scttion values indicate.f good agrccmcnt  bctwccn  tlm ptcscnt

dctcrminatkm  and those  of Tan ct al. (1974) and Phillips ct al. (1985). ‘l-hc pmscnt  result

is about 17% higher than that of ‘J’an et al. (1974) and about  18% lower than that of

Phillips et al. (1985). Phillips ct al.( 1985) rc.por(cd  that the.ir mcasurcmcnts  showed no

dcpcndcncc  of the shape of the excitation functions on pmssum.  “Hmy used a higher  gas

pressure in their nwasutcmen~s  than that used by Ilcrtz  (1969). 1 lcrtz (1969) obtained his

cross section value for the Nc I (73.6 nm) msmiancc transition for two different pmssunx

(P] =2.7 x 10-s ~’orr and 1)2=0.3-0.8 x 10-4 “1’err). 1 IC ]cimr[cd  that his cross scctiml

measurement showed a strong dcpcndcncc  on gas pressure duc to the. mdiation  trapping,

and is about 1.’7 to 2.4 times higher than the present result, depending on pressun:.

TIc Nc I (74.4 nm) resonance. transition rcprcscnts  the second  strongcsl feature in

t}~c Nc 1 WV spectrum at 300 CV clcxtmn-impact  energy. “Illc pmscnt  determination for

the Nc 1 (74.4 nm) abso]utc  emission cross scztion and that of Phillips et al. (198S)  agmc

fairly well. “1’heir result is about 25% higher than ours. The present  result is in cxccllent

agrccmcnt with that of 1 lcrtz, (1969) (disagrcmucnt  is ICSS than 1 %). It is not clear to us

why there is a very large discrepancy bctwccn  our result and that of I lcrtz (1969) for the

Nc 1 (73.6 nm) absolute emission cross scztion since the agrccmcnt  bctwccn the two cross

sc~tion mcasummcnts for the Nc I (74.4 nm) is found to bc cxccllcnt.

“1’hc root-sum-square uncertainty in the absolulc  cross swtions  in t}~is work is

estimated as follows: 1 ) unccrtain(y  of 35% in the relative calibration, 2) uncc.riainty of

2.2% in the N2 (95.8 ntn) emission cross section (Ajcllo cl al. 1989) and 3) signal

statistics uncertainty of 3%. ‘lIlus the overall error (square loot of the sum of the squares



of the contributing crmrs) in lhc pmcnt cress sc4Hion nmasurcmcnts  is estimale41 to k

about 4170.

Wc show in Figs. 4 and 5 the excitation func[ions  of Nc 1 73.6 and 74.4 ntn

rcsonancc  transitions over the electron-irnpact energy ranges 0-400 cV. ‘1’hc excitation

functions were ccmcctc.d  for polari~ation  by usc of the following formula (van dcr IIurg[

cl al., 1989):

C[l -  H~’’o)/  ? )(~)
CJti(fi  o)=- ----------

] - P(EO)COS2 o ‘ (2)

whcm o~ffi~) is the pholocmission  cross scxtion at an chxtron  in~pact  energy (Jto), P(fio)

is the polarization, 1(0) is the intensity of the cmitte.  radiation at some angle, 0, (where O

= 90° in our cxpcrimcn(al  SC( up) and ~ is a conslant  related to the clc,ctron beam current,

number ckmsity of the target gas and the path length of tbc electron beam through the

targcl. ‘J’hc polarization of mdiation,  P(E~), for each electron-itnpact energy was tabulated

by 1 lammond  ct al. (1989) in the emcrgy range from thrcshoki  to 500 c*V. They mc,asurcxt

VUV polari~ation  which rcprcscnts  the intcgratd  radiation cmi(tcd following clcztron-

impact excitation of Hc and Nc. Wc used their valms to corrcz[ our mcasurcmcnts  for

polari~alion.

I;ig.  6 compares the present n~casunmcnLs  of the Nc (73.6 nm) optical excitation

cross sections with those of I)hillips c.t al. (1985), 1 lc.rtz (1969), dc Jongh (1971) and “1’an

ct al. (1974). All those nlcasurcmcnLs and ours include the cascade contributions fmm the,

upper levels. integral cross sexXions for dire.c[ excitation (cxclu(iing cascade) reported by



Register c1 al. (1984) arc also shown for comparison. Our results arc in good agrcmncnl

with those of ‘1’an C[ al. (1974) at all cncrgics and with that of de Jongh (1971) at 200 cV.

}loth sets of results arc lower in value than the present ones but lic well bctwmm [bc error

limits of the pmscnt  mcasummcnts  as shown in I;ig. 6. “J”hc cross scdions  of l’hillips  ct al.

(1985) arc higher than ours in the 40-300  cV energy range and the shape of lhcir

cxcitatirm function is diffcmnt  than ours. “1’hc discrepancy bctwcxm  the two data sets is

worse in the peak region, and amounts to 7070 at 40 cV. Mcasummcnts  (wit}) both low

and high pressures) rcpor[cd  by ] hxtz,  (1969) arc apparently too high. I>ircct excitation

cross sc~tions  measured by Register ct al. (1984) agree masonabl  y WCII with the pmscnt

mcasumncnts  and lic within the quoted error limits at all overlapping cncrgics.

1 >isagwcmcnt  rc,achcs  up to 30% in the peak c.ncrgy  region.

“J”hc comparison of the present Nc (74.4 nm) oplical  cxcitatiml cross sections  with

those of ] lcrt~.  (1969) and Phillips ct al. (1985) is given in Fig.7. All crnission  cross

sections  include a substantial amount of cascade contributions from tbc upper lCVCIS.  ‘Jhis

situation is worse for the 74.4 nm emission line (about 50% of the total cascade has an

optically allowed character) than for the 73.6 nm line (van l{aan, 1973). ‘J’hc Rcg,is[cr  ct al.

(1984) integral cross sections for direct ckxtron-impact excitation arc also shown in Fig.

7. I“hc cross sections of Phillips ct al. (1985) arc much higher than ours (by up to a factor

of 2) in the overlapping energy  range. “JIIc disagrccmcnt  bctwccn the two mcasurcmcnts  is

greater for Nc 1 (73.6nnl)  cxccpt  that the shape of their excitation function is quite similar

to ours. Mcasummcnts  repor[cd  by I lcrtz, (1969) agree WCII wilh ours in the, higher

energy region, but the agrcixncn(  is much poorer in the peak region. The discrepancy

bc[wmn  the dircd excitation cross swtions measured by Rcgistcx cd al. (1984) and [hc

other rncasurcmcnts  is quite large. ‘J’his large discrepancy may bc accounted for by large

cascade contributions to emission cross sc..[ions from the upper levels. I lircct excitation

10



cross se~tions  of Rcgistcrct  al. (1984) do nol contain anycascadc  conl!mncn{s  and they

wcrccxpcztcd  to bc lowcrt}lan  tl]ccl]~issiol~cross  scc[ions.

b. Nc 11 (46.14) Multipld

Iiig.8showst  t}c~jr~resolve~ll  ~]~llti[}lctofNc11  []olalizatiot~-f  lr~cxci  tatiO1~fLll~ctioI]

over the energy range 0-1 kcV. I iig. 9 compares the pmscnl  nw.asurcmcnt  for the Nc 11

optical excitation cross sections with those of 1,uykcn  c{ al. (1972), van Raan (1973),

1 li<jkkamp  and CIC 1 kxw (198 1 ) and I%khardt  and Scharmcr (1983). As scxm from the

frgLm., the cross sections fro~i~ van Raan [(1973) and 1.uykcn  M al. (1972,), W}]O used van

Raan’s  mcasumnmnt  at 300 CV to pul their cross sc.tions  on an absolute scale, arc much

higbcr  than other reported n~casurcnw,nts.  Ilijkkamp  and de I leer (1981) pointed out that

cx(rapolation  of van Raan’s  (1973) calibmtion  down to 46 nm led to a significant crm.

‘]-k msul[s from Zapc,sochnyi ct al. (1974), which arc not shown in the figure, arc almos[

twelve times higher than the present mcasurcmcnts.  ‘1’hcy cal ibratcd thci r spcctromctcr

against the data of van Raan (1973). We rcncmnalizxl  the 1,uykcn  ct al. (1972) rcsul[s to

our cross section at 500 cV. Ilm mmnnalizul  cross scztions  of 1,uykcn cl al. (] !)72)

agree well with the present rcsul~s cspwially  in the high energy region. our msul ts arc

approximately 1.5 to 2 times lower than those of 1 Xjkkamp and dc 1 hxr (198 1 ) and

lkkhardt  and Scharincr (1 983).
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TABLE 1
I

Feature Species

ABSOLUTE EYHSS1ON CROSS SECTIONS OF Ne AT .300 eV

Integrated L (rim) Observed Peak A (xtm) Em”ssion  Cross Section (x10 -~9cm~)

45.1- 470~
48.5 -49.5
57.3 -59.5
59.6-  4~.9
61.2 -62.3
62.4 -63.5
7!.4- 74.1
7.4.2 -76.2

46.1

49.0
58.9
60. ~
61.9
62.8
73.6
74.4

15.3
1.85
5.67
3.99
3.29
8.0:
53.2
12.1

I

I



‘J’AIII.N 2. A1]SOI.lJ’J’JC  IOhllSSION CR(XIS SW:’1’JONS  ON NIWN
RItSONANCIE “1’}tANSl”J’10NS IN ‘J’JIR lt[JV (10-l~cm~)

ltNItRGY(eV)  Nc] (73.69 11111) Nc] (74.37 Inn) Nell (46.07 + 46.24 Mm)

?0
30
40
50
60
70
80
90
100
125
150
175
2.00
2s0
300
350
400

2.55
6.05
7.44
8.18
8.56
8.71
8.70
8.59
8.42
7.92
7.41
6.9S
6.55
5.86
5.27
4.76
4.30

1.32
2.31
2.30
2.29
2.28
2.?6
?..2?
2..15
2.08
1.90
1.74
1.61
1,51
1.34
1.21
1.10
099

0.20
0.37
0.55
0.71
0.86
1.16
1.35
1.47
1 .s3
1.S6
1.s2
1.51
1.46



Uigurc.  Captims

Fig. 1: A simplified lCVCI diagram for the prominent transitions of Nc and Nc 11 is shown.

At [hc left-hanc! side, the clc~tmn configuration with terms and ICVCIS  arc indicated for Nc

1 and NC 11. At t}m right-hand sictc,  the tc.rms arc given in Paschcn notation for Nc 1.

Fig. 2 :’1’hc intensity ratio of the Nc I msonancc line at 73.6 m and the Nc 11 ion multiplct

at 46.14 nm as a function of Nc gas pressure. ‘l”hc ralio is approxin~atc]y constant up to

abou[ 2. x 10-6 “l”orr and staris dcacasing,  indicating the onset of self-absorption of Nc 1

msonancc line at 73.6 nm. The Nc 11 feature at (46.1 -46.2 run), which cxhibi[s no optical

depth, acts as a normalization fcatum.

Fig. 3: ~alibratcd,  polarization  frc~ clxtron-impac[  incluccd cn]ission spcctrurn  of Nc at

300 cV. “rhc spcctrmn  was obtained in the cmsscd-bc.am  mode at 5 x 10-7 ‘1’orr

background gas pmssum. Ijmission cross .sc~tions  for the idcntifkl  features (numtwcd)

am listed in Table 1.

Fig. 4: Relative crnission cross sczlion (optical excitation function) of the Nc 1 msonancc

line at 73.6 nm from 0-400 CV clc~tron-impact  energy. ‘Ihc data were corrcctcd  for

polarization. “1’hc appearance potential is at 16.85 cV. Solid line rcprcscnts a fitting

function (Shcmansky et al., 1985a, b) to the data.

l~ig. S : Rc]ativc emission cross seztion (optical excitation function) of the Nc I resonance

line al 74.4 nm from 0-400 CV clcxtron-impact  energy. ‘1’hc data were corrcctcd fol-

polarization. ‘1’hc. appearance potcntia]  is at 16,66 cV. Solid line rcprcscnts a fitting

function (Shcmansky ct al., 1985a, b) to the data.



Fig, 6: {hmparison  of published data for[hc cross scc[ion Of the Nc 1 rcsonancc Iinca(

73.6 nm in the ()-400 CV energy r:ingc.  ‘I”hc cross scclions  arc given in (Iw, liilits  of 1()-1 ~

cin2. Mcasurcmcnts shown arc: solid line, present (iata (error bars arc also shown); +,

llcrIz,  (1969)  high-prcssurc(2  ..7x10-3  ‘1’err) data; X, }Icrtz (1969) low-pressure (0.3-0.8

x10-4 rl’m-r); A, I’an et al. (1974); O, l%il]ips d al. (1985); El, CIC Jongh  (197 1); 0, Rc.gis[cr

ct al. (1984).

Itig. 7: Comparison of published data for the cross section of the Nc I rc.sonancc  line at

74.4 nm in the 0-400 cV energy range. ‘Ilc cross sccticms arc given in the units of 10-1 ~

cn12. Mcasummcnts shown arc: solid line, prcsc.nt data (error bars arc also shown); ❑ ,

IIcrtz (1969); 0, l%illips  et al. (1985); -i, Register ct al. (1984).

llg. 8 : Rc]ativc emission cross scc[km (optical excitation function) of [hc Nc 11 ion

multiplet  at 46.14 mu from O-1 kcV clcztron-impacl  energy. Illc appearance potential is at

48.43 cV. Solid line rcprcscnts a fitting function (Shcmansky  et al., 1985a,  b) to the data.

Fig. 9: Comparison of published data for the cross scxtion of the combined Nc] I ion

multiplct  at 46.14 mu in the 1 kcV energy range. ‘1’hc cross sc~tions  arc given in the units

of 10-18 cn12. Mcasurcrncmts  shown arc: solid line, present data (error bars arc also

shown); D, 1.uykcn ct al. (1972); C), 1,uykcn CL al. (1972) normalized to present data at

5(N cV; O, l)ijkkamp and dc I Icz,r (198 1); +, lkkhardt  ancl Schartncr (1 983); x, van l<aan

(1973).
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